The results clearly indicated that it is chromatographically identical with ciguatoxin.
It was also present in the stomach contents strongly supporting the previous hypothesis that the surgeonfishes obtain ciguatoxin from their diet and transfer it to the carnivores through food chain. The water-soluble toxin found in the stomach contents was non-diffusible through a cellophane membrane, extractable with 1-butanol from aqueous solution, positive to both the Dragendorff and ninhydrin reagents, and showed hemolytic and ichthyotoxic properties.
Ciguatoxin, named and characterized by SCHEUER et al.1) is the most important toxin in ciguatera poisoning. It has been proposed that the toxin is produced by a benthic organism, possibly an alga of fine structure, which is ingested by herbivorous fishes. These, in turn, are eaten by carnivores and the toxin is passed through the food chain to fishes of higher trophic level2). A surgeonfish Ctenochaetus striatus (QuoY and GAIMARD) has been predicted to play an important role in the pathway of ciguatoxin, and much evidence supporting this idea has been compiled by both biological and ecological studies of HELFRICH and BANNER3), BANNER et al.4), and HELFRICH et al.5) BANNER6) also reported preliminary studies on a water-soluble toxin from acanthurids collected in the Society, Line, and Wake Islands. Little has been learned about the chemical and pharmacological
properties of the toxins in this species, although this information is required to establish the validity of this food chain hypothesis. Specimens of A. lineatus were obtained at the time of collection of CS-B from the same area. All specimens were kept frozen until used.
Testing method for toxicity: For testing the anatomical distribution of toxins, the specimens were divided first into the flesh and viscera. The liver was removed from the viscera to be tested separately. The digestive tract was also removed and the contents of the stomach and of the intestine were separated from the tract. The cleaned stomach was returned to the lot containing the viscera. The intestine, on the other hand, was not combined with the other viscera in order to avoid possible contamination from the contents which could not be removed completely. The viscera excluding the liver and intestine was named the combined viscera sample. In toxicity tests of the ingested materials the stomach contents were used in batch CS-B. However, as the stomach contents were not obtained in enough quantities from the specimens in CS-A and of A. lineatus, the gut contents alone were used as the test material. The batch CS-B contained about 400 specimens and only 100 of them were used for testing the anatomical distribution of toxins. The viscera from the remaining 300 specimens were combined after removal of the stomach contents. This combined sample was named viscera with gut contents and used for a large scale extraction of toxins.
From these samples the water-soluble and fat-soluble fractions were prepared by the routine method adopted by HASHIMOTO et al. 
Results
The specimens of C. striates and A. lineatus from Tahiti contained both water soluble and fat-soluble toxins, while the specimens of C. striatus from Ishigaki and Palau were nontoxic. Fig. 1 shows the anatomical distribution of the toxins. The two batches of C. striatus showed a similar pattern of toxin distribution. In mice the fat-soluble toxin caused loss of activity, severe diarrhea, lacrymation, dyspnea, excessive salivation, convulsive spasms, paralysis of hind limbs, and death. These symptoms were quite similar to those reported for ciguatoxinl1).
Thin layer chromatography of reference ciguatoxin and the fat-soluble toxin derived respectively from the flesh, viscera with gut contents, and the stomach contents of CS-B indicated that none of these samples was homogeneous, but they all showed a spot of Rf 0.5. When the plates were eluted and assayed with mice, only the component of Rf 0.5 was found to be toxic.
Fractionation of the stomach contents yielded 91g of Fr . I, 18g of Fr. II, and 5g
of Fr. III, as shown in Fig. 3 . Microscopic examination revealed that sand and coral fragments were dominant in Fr. I, fragments of algae in Fr. II, and unidentifiable particles in Fr. III.
Results of the toxicity tests are summarized in Table 1 . The stomach of Ctenochaetus is thick-walled and gizzard-like. This structure is shared by some species of Acanthurus (but not A. lineatus). RANDALL13) noted that those species with thick-walled stomachs ingest much more fine sand than those with thin walled stomachs. He suggested that the sand probably serves the purpose of grinding of the algal food into finer particles. A. lineatus grazes algae of many different species.
Its teeth, which number about 14 in the jaws of adults, are rigid, close-set, spatulate, and denticulate on the edges, thus well suited for feeding on the filamentous algae14).
Although this fish may ingest soft material incidentally with its algal food, it obviously takes in much less than the detrital-feeding Ctenochaetus.
In Fig. 1 the lower yield of water-soluble toxins of A. lineatus is readily apparent compared to that of C. striatus (CS-C) taken at the same locality and at the same time.
Anatomical distribution of ciguatoxin or ciguatoxin-like substance in C. striatus resembled that reported on a red snapper Lutjanus bohar5). Interestingly, there was a significant difference between C. striatus and A. lineatus in toxicity of the tissues. Since toxicity of the fat-soluble toxin level of the ingested materials was similar in both species, the above difference may indicate that uptake of the toxin from the diet varies from species to species. It may be interesting to compare the toxicity level of the herbivores with that of the carnivores from the same area. At present, available data for such a comparison are limited to those on the moray eel liver15). As shown in Fig. 1 , concentration of the fat-soluble toxin in the livers of two batches of C. striatus are 20 and 45 MU/g, respectively.
On the other hand, the livers of the moray eel G. javanicus from the same district of Tahiti showed much higher toxicity levels, ranging from 80 to as high as 500 MU/g. It is evident that there may be concentration of the toxin as the trophic levels ascend2), possibly parallel to the reported concentration of chlorinated hydrocarbon insecticides in birds of prey.
Fractionation of the stomach contents into three groups by specific gravity did not give clear-cut separation of toxic constituents from the nontoxic. It is, however, presumed from toxicity tests that toxin is produced by organism(s) both small in size and low in specific gravity. More sophisticated methods of fractionation are necessary to obtain more positive information on the nature of the biota that may elaborate the toxin. The water-soluble toxin found in the present study resembled aluterin, a toxin found in the in gested materials of a filefish16), in being both non-diffusible in dialysis and extractable with 1-butanol from the aqueous solution, but distinctly differed from it in being hemolytic and ichthyotoxic. On the other hand, it shared many of its properties with the water soluble toxin recently found in a marine snail, Turbo argyrostomal17).
During the course of this study, a few other specimens of C . striatus were obtained from Tahiti which contained a fat-soluble toxin obviously different from ciguatoxin.
The water-soluble toxin of this lot was also different from the one described above. The limited availability of specimens, however, did not allow us to characterize these toxins more precisely. It is most likely from these results that the surgeonfish can bear various toxins depending upon their previous history of feeding .
This apparent multiplicity of toxins has a clear relationship to the variability reported in the symptoms found in human cases of ciguatera . In his clinical analysis of 350 cases of ciguatera in French Polynesia over a period of three years , BAGNIS18) has shown a considerable variation in symptoms . He noted that digestive and neurologic symptoms predominated in patients who became ill following the eating of surgeonfishes whereas the syndrome involves other symptoms , including cardiovascular disorders, when car nivorous fishes were consumed . When it is considered that the toxins differ both in 
